We report a 26-year-old man with critical aortic coarctation, severe bicuspid aortic valve stenosis, infective endocarditis and ascending aortic aneurysm. He underwent simultaneously in singlestage a Bentall's procedure and an extra-anatomic ascending-descending aortic bypass grafting by 14-mm Dacron tube, through median sternotomy. The immediate postoperative outcome was favourable. The CT scan control for 7 years after surgery showed a good patency of the extra-anatomic bypass.
Introduction
The surgical management of uncorrected Aortic Coarctation (AC), seen in the adulthood, is difficult because of * Corresponding author. the collateral arteries and the fragility of vascular tissues. Moreover, this management become more challenging in case of associated cardiovascular abnormalities such as septal defect and aortic root pathology, which is commonly known and well described. The best surgical approach is still uncertain since there are no guidelines about this topic [1] . However, it seems that the single-stage approach for simultaneous repair of cardiac lesions and ascending-to-descending aortic extra-anatomic bypass through median sternotomy is a safe technique, which avoids the complications of the anatomic repair and the double-stage surgery [2] [3] . The aim of this observation is to underline the excellent result of the single-stage surgery with a long term patency of the extraanatomic graft.
Case Report
We report a 26-year-old man with a recently discovered hypertension, admitted in our hospital for invalidating shortness of breath, congestive heart failure and fever. On admission, the blood pressure was 190/110 mmHg in the left arm and 150/85 mmHg in lower limbs, with very faint femoral pulses and no palpable distal pulses in the lower extremities. The cardiac auscultation revealed a pansystolic murmur of aortic stenosis and a diastolic murmur of Aortic Regurgitation (AR). The resting electrocardiography showed normal sinus rhythm with left ventricular hypertrophy. The X-ray chest showed a significant cardiomegaly (cardio-thoracic index was 72%). The transthoracic echocardiography revealed an aortic coarctation with a 60 mmHg gradient, and showed an Ascending Aortic Aneurysm (AAA). The aortic root and the valsalva sinus measured respectively 60 and 45mm in diameter. Besides, it revealed a Bicuspid Aortic Valve (BAV) with a severe Aortic Stenosis (AS) and a 3+ Aortic Regurgitation (AR) with an abscess of aortic annulus, vegetations and valvular lesions indicating an infective endocarditis. In addition, the left ventricular end-diastolic diameter measured 72 mm with concentric left ventricular hypertrophy and the ejection fraction was 50%. The CT scan showed a critical coarctation of the aortic isthmus, distal to the left subclavian artery simulating a quasi-interruption of the aorta with an internal diameter less than 1mm and very well developed collateral circulation. The AAA measured 63mm in maximal diameter and involved the ascending aorta until 2 cm before the innominate artery origin.
At the admission, the patient had no fever and the lab tests showed normal leukocytes (9875/mm 3 ) and the C reactive protein was at 7 mg/L. No germ had been isolated on blood culture test. The patient had received antibiotic therapy by combination of Ampicillin (12 g daily) for 4 weeks and Gentamicin (240mg daily) for 2 weeks.
Even if the patient was hemodynamically stable, we decided to operate precocily because of the aortic abscess and the worseness of the infectious lesions of the aortic valve which became more regurgitant. We proceeded with single stage surgery through median sternotomy to repair simultaneously the AC, the ascending aortic aneurysm and the aortic valve by modified Bentall procedure and ascending-descending aortic extra-anatomic bypass. After a routine monitoring and anaesthetic procedure, a classical median sternotomy was made. The aneurysm involved all the ascending aortic including the sinus of valsalva. The Cardio-pulmonary bypass (CPB) was established by arterial cannulation of the ascending aorta and the left femoral artery to enable whole-body perfusion during CPB. The venous cannulation was made by dual-stage right atrial cannulae; and the left ventricle was vented by a left superior pulmonary venting cannulae. The CPB was conducted under total hemodilution and systemic cooling to 30˚C. The ascending aorta was cross-clamped and transversally sectioned; an antegrade cold crystalloid cardioplegia was infused directly into the coronary ostia with topical ice hypothermia. The aortic valve was bicuspid and seriously damaged with a residual abscess cavity, and subsequently not suitable for a valve-sparing root replacement. Therefore, the ascending aortic aneurysm and the aortic valve were excised, and a 23-mm ATS valved conduit was inserted and followed by coronary re-implantation. After de-airing, we carried out by aortic clamp removal and cardiac defibrillation. Under CPB, the heart was retracted and the descending aorta was approached via a longitudinal incision of the posterior pericardium behind the heart. The descending aorta was controlled and a lateral aortic clamp applied. A 14-mm Dacron graft was anastomosed endto-side to the aorta by continuous 4-0 polypropylene suture, the graft was tunnelled around the right heart border, over the inferior vena cava, brought laterally from the right atrium and anastomosed to the neo-ascending aortic graft (Figure 1) . The patient was weaned from CPB uneventfully under low dose of Dobutamin and electrosystolic training by an external pace maker. Total aortic cross-clamp and CPB time was respectively 120 and 210 minutes. There was no residual pressure gradient between radial and femoral arterial line pressure.
The duration of artificial ventilation and the stay in intensive care unit were respectively 5 and 88 hours. The postoperative course was marked by a complete atrioventricular block that required a pacemaker implantation with good outcome. The patient was discharged 22 days after surgery in good conditions. After 7 years, the patient regained physical activity and social life quite normal under antihypertensive and oral anticoagulant therapy. The clinical examination showed a normal femoral pulse and a normal ankle brachial systolic pressure index at 1.15. The blood pressure in the left arm was 129/84 mmHg and 148/89 mmHg in the left leg. The control CT scan showed the patency of the extra-anatomic bypass. However, there was no change in collateral arteries (Figure 2) . 
Discussion
Aortic Coarctation is a well known congenital cardiovascular malformation, which can remain asymptomatic and unknown until adulthood and result in cardiovascular complications and premature death [4] . It can be associated in more than 50% of patients to major cardiac pathologies such as bicuspid aortic valve diseases and ventricular septal defect, which makes the surgery more challenging [4] . In our case, the AC was well tolerated until the 3 rd decade of life, when the patient begun to have shortness of breath probably because of the aortic valve disease.
Three therapeutic strategies have been proposed for the repair of the association of AC and intra-cardiac anomalies. As first choice, we have catheter-based intervention by percutaneous dilatation-stenting of the AC, followed by surgical repair of the aortic valve and the aortic root by median sternotomy. The second alternative is a double-stage procedure using sternotomy and thoracotomy. The third option is a single-stage simultaneous repair of all pathologies by a single incision: median sternotomy [2] [5]- [7] .
Certainly, the AC repair can be achieved by transcatheter dilation and stenting [8] . However, this procedure is not practical or suitable in all patients, and long-term outcome data are not available [1] [9] . In our case, the percutaneous dilatation was impossible because of the severity of the AC.
The second therapeutic option is a double-stage surgery, which consists to operate firstly the AC by left thoracotomy, then the aortic root repair by median sternotomy; or operate the aortic valve then the AC. Mulay reported 3 patients who underwent staged procedures by repair of cardiac abnormalities followed after 6 weeks by the AC repair. He suggested that the staged repair allowed myocardial recovery and coronary blood flow redistribution during the interval between the two operations; while simultaneous repair may cause a sudden decrease in systemic vascular resistance. He has also pointed out that the lower-body perfusion was not of great concern during CPB because of the good collateral circulation in adult patients [5] [7] .
Finally, the third option is a single-stage surgery for simultaneous repair of the aortic root followed by an extra-anatomic aortic bypass grafting between the ascending aorta and the descending aorta post-coarctation by a median sternotomy.
Certainly, the AC can be treated by the classical anatomic repair through a left thoracotomy. However, it requires an extensive dissection to control the aorta and the collateral blood vessels with the risk of important blood loss, pulmonary injuries, recurrent laryngeal or phrenic nerves damage and chylothorax; but the most feared complications still the spinal cord ischemia and paraplegia [1] [10] . The probability of these complications increases with prolonged aortic clamping time and older age [1] [10] . Various techniques have been proposed to decrease those potential complications ( [5] - [7] such as the use of deep hypothermic circulatory arrest [5] or the extra-anatomic ascending-to-descending aortic bypass [1] - [4] [8] [11] . Ananiadou reported excellent results with no surgical mortality or graft-related complications [3] . Thanks to lateral partial aortic clamp that allows continuation of blood flow to the posterior wall of the aorta, paraplegia is rarely described with the extra-anatomic bypass [2] [4] [8] . Connolly has reported no serious complications with this technique and especially no cases of spinal cord ischemia [1] .
In 1980, Vijayanagar [12] was the first to describe an extra-anatomic bypass between ascending and descending aorta combined to aortic valve replacement, performed entirely through median sternotomy to an adult patient with AC and AR. The extra-anatomic bypass was done by exposing the descending aorta through the posterior pericardium and placing the graft around the left margin of the heart. The proximal anastomosis was made to the left aspect of the ascending aorta [1] . Since then, this technique was modified by Powell [13] , who routed the graft around the right margin of the heart and the proximal anastomosis was made to the right aspect of the ascending aorta. Connolly has placed the graft between the inferior vena cava and the right inferior pulmonary vein, which keeps the graft in a posterior location avoiding compression of the right atrium [1] . The extra-anatomic bypass seems to be a relatively safe alternative that allows simultaneous repair of intracardiac lesions and AC, avoids the hemodynamic perturbation of the second lesion in case of staged procedure and provides good results [1] [2] . Although, this approach can sometimes be responsible of complications; in 1996, Pethig [1] [14] reported hemodynamic instability in 2 patients early after aortic valve replacement and extra-anatomic bypass for AC. This complication was believed to be due to myocardial ischemia related to low diastolic perfusion pressure in severely hypertrophied hearts. Connolly has not observed this phenomenon in his series of 18 patients. Potential long-term complications include graft narrowing with thrombus and neo-intimal formation [1] . Polytetrafluoroethylene ringed grafts are used for this procedure by some groups in an effort to reduce the po-tential complications of graft kinking and narrowing. Additional potential late complications include infection, false aneurysms, and anastomotic dehiscence with pseudoaneurysm formation in patients who have considerable somatic growth after repair [1] [14] .
Arterial cannulation is a crucial step for this kind of procedure because of the risk of perfusional problems especially of upper extremities and brain in case of femoral cannulation or hypo-perfusion of the mesenteric and renal arteries in case of cannulation of ascending aorta or the right axillary artery. The double arterial cannulation of the ascending aorta and the femoral artery can provide an effective whole-body perfusion and can avoid adverse perfusional sequelae [5] [15] as elucidated our case, we had no complications related to the CPB.
Certainly, the valve-sparing aortic root replacement is an attractive option for treating aortic root pathology with best long-term results, especially in young patients. But in our case, this option was not possible because of the severity of aortic disease with extensive destruction of the leaflets by the infective endocarditis.
The choice of the diameter of the tube to be used for extra-anatomic bypass does not obey to well-known and elaborated rules, it remains rather dependent on the surgeon's preference but generally it ranges between 14 and 20mm with a trend for large calibres. In our case, we chose a tube of 14 mm because the heart was frankly dilated and occupied the entire pericardial cavity, and also the risk of incongruence between a large tube, and an underdeveloped descending aorta which may cause dehiscence and anastomotic pseudo aneurysm. On the other hand, a small tube exposes the patient to the risk of thrombosis of the graft. The CT control showed a good patency of the extra-anatomic bypass and the arterial doppler showed no residual blood pressure gradient between upper and lower extremities with a normal index of systolic.
Conclusion
The complex pathology of AC with aortic root aneurysm, presenting in adulthood, poses a tactical challenge [3] . The single-stage procedure, with combination of an extra-anatomic aortic bypass and concomitant cardiovascular disorders repair via median sternotomy, might be a useful and a safe alternative, which can be performed efficiently with low morbidity and mortality [1] 
